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© Dry strength additive for paper. 

© A mixture of cationic and anionic polymers useful as a strengthening additive In papermaking processes that 
comprises a water-sohibte, linear, cationic polymer having a reduced specific viscosity greater than 2 dl/g and a 
charge density of 0.2 to 4 meq/g, and a water-soluWe. anionic polymer having a charge density of less than 5 
meo/g that is reactable in the presence of water with the cationic polymer to form a poryeiectrolyte complex, 
processes tor making the mixture, and its use. are disclosed. 
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Ory Strength Additive for Paper 

This invention relates to a mixture of cationic and anionic polymers useful as a strengthening additive in 
papermaking processes, and to the use of the mixture in a conventional aqueous suspension of oelluloslc 
fibers In a process for making paper. 

The production of paper of improved dry strength from pulps composed of unbleached fibers. 

s especially when the pulp contains black liquor, has presented a special problem to the paper manufacturing 
art Washed, unbleached pulp normally contains 1 to 10 weight percent black liquors. Most conventional dry 
strength polymers (both anionic and cationic) are inadequate as dry strength additives when used with such 
pulps. There is a need for new dry strength additives that improve dry strength when used in pulps 
composed of unbleached fibers, particularly when the pulp contains black liquor. 

to Rolyacrytamldes are disclosed in a number of patents to improve dry strength, and acrylamide 
copolymers have been developed in attempting to provide Increased dry strength to papers made from 
unbleached pulps, and, more particularly, those containing black liquor. U. S. Patent 3319,555 discloses 
autodisperslble, nomonic. anionic, cationic end amphoteric vinyl polymers containing at least 60 weight 
percent acrylamide linkages and at least 6 weight percent of acrolein linkages, including anionic and 

rs cationic polymers that are said to provide Improved dry and wet strength when added to unbleached pulps, 
and pulps containing black liquor. U. S. Patent 3340.409 discloses substantially autodisperslble vfnylamide 
polymers comprising at least 60 weight percent of unsubstituted vinyl amide linkages as dry strengthening 
components and at least 5 weight percent of hydrophobic linkages as components for improving absorptiv- 
ity to cellulose. The latter polymers may also carry a small amount of anionic or cationic substituents. 

M U.S. Patent 4,167,439 discloses that a nonJonic copolymer composed of 5 to 30 weight % N-vinyl 
pyrrotidone, 15 to 60 weight % acrylamide. and 30 to 70 weight % methyl methacrylate is useful as dry 
strength addrbve when used in the presence of black liquor. 

Other acrylamide copolymers, disclosed to be water-fnsotuble or dispersible. are stated to be useful as 
dry strength additives for use with unbleached pulps containing black liquors. For instance, U.S. Patents 

25 3.874.994, 3375,097. and 3.675,098 disclose use of a water-insoluble polymer containing at least about 60 
weight percent of unsubstituted acrylamide linkages, at least about 5 weight percent of hydrophobic 
linkages, and at least about 2 weight percent of N-(dKCt- 3 alkyl)amino methyt]acrylamide. 

Combinations of anionic and cationic polymers have also been described to be useful in improving dry 
strength. U.S. Patent 3,049,469 d&scloses that a water soluble, carboxyl containing polymer can be 

so impregnated to a fibrous oeilulosic material when a cationic thermosetting polyamide-e^chlorohydrin resin 
is added to the papermaking system. U.S. Patent 3332334 discloses a complex comprised of anionic 
polyacrylamide, water-soluble riorHhermosetting resin and alum. And U.S. Patent 4,002,568 discloses a 
potysalt that consists essentially of an anionic acrylamMe-styrene-acrytic acid interpotymar (molar ratio, 
respectively, of 94-65:5-15:1-20) and a water-soluble cationic poly amine having a molecular weight in 

35 excess of 1.000 is an efficient strengthening agent, even when used with unbleached pulps containing black 
liquor. 

U.S. Patents 3360338 and 3377388 disclose a strength additive consisting essentially of (a) an 
ionically self-crossGnked polysait of a normally water-soluble poly anionic polymer with a normally water- 
soluble polycatlonic polymer, at toast one polymer of which is a weak electrolyte having an ionization 
40 constant less than 10~ 3 and (b) a water-soluble Ionization suppressor. 

South African Patent Application 76/2037 discloses water-soluble dry strength polymers, which are 
asserted to be suitable for the manufacture of paper from unbleached fibers, both in the presence of and in 
the absence of black liquor, comprising acrylamide linkages and N-[di-{Ci -aalkyl) aminomethyl Jacrylamide 
Onkages have the specified formulae In a mole ratio of 982 to 5050. respectively. These polymers may 
45 have additional linkages, which are nonJonic. anionic or cationic. including cationic dimethyl diafly! ammo- 
nium chloride and 2-dimethylaminoethyl aorylate Onkages. They have a viscosity of 2 to 10 oerrapoises 
(ops), preferably 3 to 8 cos. in a 0.5% aqueous solution of pH 1 1 and 25°C. 

U.S. Patent 4.347, 1 00 discloses that addition of an anionic organic surface active agent into mechanical 
or thermomeohanical pulp at elevated temperature and pressure is effective to cause dispersion of the 
so Ugnin and to retard redeposition or coating of the 6gnln on the fibers during defibering of the wood and 
during subsequent cooling of the pulp. Useful water-soluble anionic agents are disclosed to be relatively 
high molecular weight anionic organic potyelectrofytes or polymers, such as sodium Cgnin sulfonates, or 
relatively lower molecular weight anionic detergents. The resultant pulp Is disclosed to have improved 
strength. Further improvement of the strength Is disclosed to be achieved by incorporating In the furnish a 
cationic organic poiyetectrotyte or polymer that is capable of reacting with the anionic additive to form a 



2 



GP0362 770A2 



polysalt Best results are disclosed to result when starch is added with the cationic component 

Yamashita, In Japanese Kokal No. 191394-82, discloses me addition of tow molecular weight cationlc 
polymers having a charge density of at least (or more than) 3.0 meo/g; preferably at least 5.0 meo/g. to 
unbleached pulp containing at least 3 percent based on the weight of the pulp, of lignln to improve the dry 
strength of the resultant paper. This lignm is generally present In the black liquor. However, where sufficient 
lignln is not present in the pulp, afJkfittoneJ amounts may be added. 

Yamashita also describes that the prior art includes use of an anionic or weakly cationlc water-soluble 
polymeric substance, or greater molecular weight than his cationlc polymers, in combination within tignin to 
improve dry strength, but that the prior art processes do not provide improved dry strength. 

Canadian Patent Application No. 1.110.019 discloses a process for manufacturing paper having 
Improved dry strength using, first, a water-soluble catlonic polymer having a viscosity greater than about 6 
cps in a 10% aqueous solution at 23* C and. subsequently, a cation content of greater than about 1.0 gram 
ion/kg polymer in combination with a water soluble anionic polymer. Exemplary cationlc components 
include a copolymer of acrylamide and metracrytoyloxyethyltrirnelhyl ammonium chloride having a viscos- 
ity of 9800 cps (10% solution) and a catlonic content of 2-68 gram tan/kg polymer, a copolymer of 
acrylamide and methacryloyloxyethyltrimethyt ammonium chloride having a viscosity of 9700 cps (10% 
solution) and a catlonic content of 1.04 gram ton/kg polymer, and a copolymer of acrylamide and 
cflmettiyWanyl ammonium chloride having a viscosity of 33 cps and a catlonic content of ZZt gram Ion/kg 
polymer. 

Guar and its derivatives are also known as dry strength additives. For example, U.S. Patent 3.303.184 
discloses use of amlnoethyl gums, such as aminoethyl ethers of guar, as dry strength additives. 

The aforementioned dry strength additives have not been found to provide suitable results with 
unbleached pulps containing black liquors. There is a need for a strengthening additive for papermaking 
processes mat provides Improved dry strength to paper products produced using unbleached pulps, 
particularly those containing black liquors. 

According to the invention, a mixture of cationlc and anionic polymers useful as a strengthening additive 
In paper-making processes, is characterized in that it comprises a water-soluble, linear, cationic polymer 
having a reduced specific viscosity (0.05 weight % in a 2 M NaCI solution at 30°C) greater than 2 dl/g and a 
charge density of 0.2 to 4 meq/g. and a water-soluble, anionic polymer having a charge density of less than 
5 meq/g that is readable in the presence of water with the cationlc polymer to form a polyelectrolyte 
complex. 

Also according to the invention, a process for making the mixture of cationic and anionic polymers 
according to the Invention is characterized in that a water-soluble, linear, cationic polymer having a reduced 
specific viscosity (0.05 we^rt % in a 2 M NaCI solution at 30°C) greater than 2 dl/g and a charge density of 
0.2 to 4 meq/g is incorporated Into a conventional aqueous suspension of ceflutoslc fibers. In an amount of 
0.1 to 1 5%, by dry weight of the fibers, in a process for making paper In which the suspension of ceUutosJc 
fibers contains a water-soluble, anionic polymer having a charge density of toss than 5 meq/g. 

Preferably In the said process, the amount of me cationic polymer is 02 to 3%. by dry weight of the 
fibers. 

Also according to the invention, the use of the mixture of catlonic and anionic polymers according to the 
invention is characterized In that the said mixture is incorporated Into a conventional aqueous suspension of 
oelWosJc fibers In a process for making paper. 

The polymers useful in this invention are water-soluble cationlc and anionic polymers. By "water- 
soluble* ft Is meant that the polymers form a non-colloidal 1% aqueous solution. By "Bnear* It Is meant that 
the polymers are straight-ohalned. with no significant branching present Exemplary polymers are described 
below. 

"Charge Density" can be determined based on the known structure of the polymer by calculating as 
follows: 

1000 

charge density (neq/g) - : . — : " ~ 

molecular weight per charge. 

tt may also be determined by experimentation, for instance, by using the colloidal titration technique 
described by L K. Wang and W. W. Schuster In Ind. Eng. Ohera. Prd. Res. Dev., 14(4)312 (1975). 

Herein, molecular weight Is expressed In terms of the polymers reduced specific viscosity (RSV) 
measured in a 2 M Nad solution containing 0.05 weight percent of the polymer at 30* C. Under these 
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conditions, a cationic acrylamide copolymer of molecular weight 1 x 10* has a RSV of approximately 2 Cfl/g. 

The polyelectrolyte complex that may form from the mixture of cation ic and anionic polymers may foe 
soluble, partially soluble or insoluble in water. Thus, fit forms what may be conventionally termed a 
•solution", "suspension", "dispersion", etc. Herein, to avoid confusion, the term "aqueous system" wffl be 

s used to refer to the same* In soma instances the term "aqueous system" is also used with respect to 
aqueous solutions of the water-soluble polymers that form the potyelectrotyte complex. 

The catfonic polymers of this invention have a RSV greater than 2 dl/g. preferably in the range of about 
10 to about 25 6\fg. They have a charge density in the range of from 02 to 4 meo/g, preferably 0.5 to 1.5 
meq/g. Optimum performance is obtained with cationic polymers having a charge density of about OB 

to meq/g. Exemplary cationfc polymers Include polysaccharides such as canonic guar (eg., guar derivauzed 
with glyddyttrimethylammonium chloride) and other natural gum derivatives, and synthetic polymers such 
as copolymers of acrylamide. The latter include copolymers of aorytarnfde with dialiyidlmethyt-ammonium 
chloride (DADMAC), acryloytoxyethyttrimeth^am chloride, methacry toytoxyethyttrimethyl ammonium 

methyfsulfate. methacry loytoxyothyttrrmethyl ammonium chloride (MTMAC) or methacrytamldopropyi- 

rs trimethylanirrionhim chloride, etc. Preferred are copolymers of acrylamide with DADMAC or MTMAC. 

Some of (he catfonic polymers described above may undergo hydrolysis of their ester linkages under 
conditions of high temperature, extreme pffs. or extended storage. This hydrolysis results in the loss of 
cationic charge and the introduction of anionic sites Into the polymer. If sufficient hydrolysis occurs, the 
polymer solution may become hazy. However, this hydrolysis has been found to have no significant effect 

20 on the performance of the polymer so long as the net cationic charge density (sum of cationic polymer 
charge density (meq. +/g) phis anionic polymer charge density (meq. -/g)) remains within the ranges 
specified. 

The anionic components of tfiis invention include those normally present in unbleached pulps such as 
sokibilized lignins and hemioellutoses; synthetic anionic polymers; and anfontcalty modified natural pory- 
es mere (i.e.. those other than lignins and hemioetluloses). When present in me paper-making process in 
sufficient quantity, the anionic polymer normally present in unbleached pulps are preferred. 

Soiubillzed lignins and hemioellutoses are normally present in unbleached pulps as a result of 
incomplete removal of materials sofubilized during manufacture of the pulp. Such products result from both 
chemical and mechanical pulping. 
30 Typically, black liquors, such as kraft black fiquor or neutral sulfite brown liquor, comprise soiubillzed 
lignki and hemicellutose. Washed, unbleached pulp normally contains 1 to 10 weight percent black liquors. 

Exemplary synthetic anionic polymers and anionically modified natural polymers useful in the present 
invention Include copolymers of acrylamide and sodium acrylate. sodium methacryiate and sodium-2- 
accytamide-2-methylpropane sulfonate; sodium oarboxymethylceilulose; sodium carboxymethyl guar, so- 
35 tfium alginate; sodium potypectate; end poly^soo^m-2-acrylamid9-2-methylpropane sulfonate). They may 
be used by themselves or in any combination. 

Also useful are anionically modified forms of lignin and hemicellutose. such as are obtained, e.g.. by 
oxidation, sutfonation or carboxymelhytation. Oxidized and sulfonated lignins and hemicoihjJoses are 
naturally present as by-products of the pulping process and are normally present in unbleached pulps 
40 useful in this Invention. The naturally present lignins and hemicellulose may also be modified by synthetic 
processes such as oxidation, suffdnation and carboxymetrrylation. 

The potyetecftrofyte complex of this invention provides paper having improved dry strength In most 
papermaking systems. It is especially useful in the presence of the anionic materials found in unbleached 
papermaking systems, ije., black Square, as prior dry strength additives show reduced effectiveness in such 
45 systems. 

The process for manufacturing paper comprises three principal steps: (1) forming an aqueous suspen- 
sion of oeUutosic fibers; (2) adding the strengthening additive; and (3) sheeting and drying the fibers to form 
the desired oeButosic web. 

The first step of forming an aqueous suspension of celtulosic fibers is performed by conventional 
so means, such as known mechanical, chemical and semichemicaJ. etc., pulping processes. After the 
mechanical grinding and/or chemical pulping step the pulp is washed to remove residual pulping chemicals 
. and 60fubfiized wood components. These steps are well known, for instance, as described in Casey, Pulp 
and Paper (New York. kTtersoienoe Publishers. Inc. 1052). 

The second step may be earned out by adding the poiyelectrolyte complex, or canonic component or 
55 cationic and anionic components, or blends of the anionic end cationic components directly to the 
papermaking system. The individual components and blends of the components may be dry or they may 
be in aqueous systems. Further, this step may be carried out by forming an aqueous system comprising 
the potyelectrotyte complex, or polymer, or polymers, and adding the same to the papermaking system. 
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The third step is carried out according to weWmown and conventional means, such as those described 
in. eg., Casey, Pulp and Paper, cited above. 

The poiy electrolyte complex farms when the components are mixed In an aojieous system, preferably 
under Wgh shear, ft may be formed and then added during the paper-making process, or may be formed In 

5 the papermaWng process. In the latter Instance, the cationlc component may be added by Itself to react 
with naturally present anionic polymers or may be simultaneously or successively added with an anionic 
component When added successively, the anionic polymer Is generally added prior to the cationlc polymer 
In order to avoid flocculating the pulp. Here, the amount of each anionic polymer to be Incorporated in the 
potyetectrotyte oomptex Is reduced to take into account the amount of that polymer already In the system. 

to Trie specific amount and type of poly electrolyte complex that Is preferable will depend on. among other 
tilings, the characteristics of the pulp; the presence or absence of black liquors and, where present the 
amount and nature thereof: characteristics of the polymers used to form the complex; the characteristics of 
the complex; the deslrabifty of transporting an aqueous system comprising the polyetectrolyte complex; 
and (he nature of the papermaking process in which the aqueous system is to be used* The pofyelectroryte 

is complex wHI typically comprise polymers In a ratio of cationic polymer(s)anlonic polymer(s) of 4:100 to 
40:1. preferably 1:4 to 4:1. Aqueous systems formed prior to adcltion to the pulp normally comprise 0.1 to 
10 weight percent based on the weight of the water in the system, of the polyetectrolyte complex. 
Generally, the polyetectrolyte oomptex Is effective when add d to the stock in an amount of 0.1 to 15%. 
preferably 0.2 to 3%. by dry weight of the pulp. 

20 The amount of anionic polymer to be used Is dependent on the source of the anionic material. Naturally 
present anionic polymers are typically found at a level of 0.1 to 5%. based on the dry weight of the pulp. 
When anionic polymers are added to the sytem, the total weight of anionic polymers generally falls in the 
range of 0.1 to 10%. based on the dry weight of the pulp. Preferably, the total weight of added anionic 
polymers is In the range of 0*1 to 2.5%, based on ihe dry weight of the pulp. 

05 The level of cationic polymer required is highly dependent on the level of anionic material present The 
level of cationic polymer is generally 0.1 to 5%. preferably 0.1 to 2.5%. based on the dry weight of the 
pulp. 

The anionic charge fraction Is indicative of the nature of the polyelectrolyte complex. It can be 
determined by the following formula: 

30 

anionic charge • total anionic 

^fraction total anionic charge ♦ total cationic charge 



in which the total anionic charge is determined by multiplying the absolute value of the charge density 
(electrostatic charge per weight of polymer, e.g.. in meq/g) of each anionic polymer forming the polyelec- 
trolyte complex by the weight of that polymer In the polyetectrolyte complex and adding the total charge of 
all of the anionic polymers. The total cationic charge Is determined by multiplying the charge density of 

40 each cationic polymer forming the pory-etectroiyte complex by the weight of that polymer in the poryetec- 
trolyte complex and adding the total charge of el of the cationlc polymers. Generally, the per/electrolyte 
oomptex is completely soluble at an anionic charge fraction of less than 0-2. colloidal at an anionic charge ^ ^ 
fraction of 02 to 0.4. end fibrous (in some instances as a stringy gel that precipitates from solution, but ' '/ 

which becomes colloidal under high shear) at an etnionic charge fraction greater than OA Polyetectrolyte f ^ t 

45 complexes of this invention generally have an anionic charge fraction of 0.1 to 0S8. preferably an anionic ^ 
charge fraction of 0.3 to 0.8, and more preferably 0.45 to 0.6. All polyelectrolyte complexes per this 
invention provide enhanced dry strength, particularly In the presence of black louors. However, exoept as 
described below, the fibrous pofyelectroryte complexes (particularly those having the more preferred anionic 
•charge fraction listed above) provide larger improvement in dry strength than colloidal or water-soluble 

so polyetectrolyte complexes prepared from the same polymers. Under high shear in papermaking, these 
fibrous particles break Into colloidal particles that provide excellent dry strength properties. 

Unique properties are obtained by forming the polyelectrolyte complex by mbdng the anionic and 
cationic components in an aqueous system at a temperature of at least 75 C and letting the mixture cool to 
less than about 60* C. preferably tess than 60* C. This can be achieved by adding the dry powder polymers 

65 to water heated to at least 75 * C and. then, allowing the resultant aqueous system to cool to less than about 
60 "C. Prembdng of the polymers Into a dry polymer mixture may facilitate handling. The same properties 
can be obtained by preparing separation aqueous systems of the anionic and cationic polymers, heating 
each of the aqueous systems to at least 75* C. mixing them together, and. then, allowing the resultant 
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aqueous system to cool to less than about 60 *C. Potyetectrolyte complexes prepared by these processes 
generally have an anionic charge fraction of 0.1 to 0.88. preferably 0.4 to 0.9. and most preferably 0.65 to 
0.85. High shear mixing aids In the rapid preparation of these poJyetectroryte complexes, but Is not 
necessary. Maintaining the temperature of the preparation solution, dispersion, or slurry at above about 

s 75 *C for one hour aids In the homogenfzatton of the mixture. 

PoJyetectroryte complexes having an anionic charge fraction of (ess than about 02 prepared by heating 
to at least 75 "C and cooling will be water-soluble and perform in the same manner to those having the 
same anionic charge fraction prepared at tower temperatures. PolyeJectrolyte complexes with anionic 
charge fractions of from about 02 to less than about 0.65 form colloidal particles that perform similar to the 

to colloidal and fibrous particles prepared without healing to at least 75°C and cooling. 

When the anionic charge fraction Is about 0.65 or higher and the polyelectrotyte complexes are 
prepared by heating to at least 75* C foBowed by oooHng. water-soluble polyelectrotyte complexes are 
obtained that perform even better as dry strength additives than the other species of this invention. These 
soluble potyetectrolyte complexes are also useful as shear activated flocculants, retention aids on high 

rs speed paper machines, viscosmers and drag reduction agents, and in water treatment 

Such water-soluble complexes can be prepared from ell of the aforementioned types of anionic 
components* However, temperatures are not norm ally sufficiently high during paper-making for formation of 
such a water-soluble potyetectrolyte complex. Therefore, to use those anionic polymers normally present In 
unbleached pulps, ft is necessary to separate the anionic component from the pulp. This separation is 

so normally carried out in the papermaldng process, making such anionic components readily available. 

Water-soluble potyetectrolyte complexes can be prepared from, for example poty(acrylarnide-co- 
dimethy kfiaity ammoni urn chloride) and Marasperse N-3 sodium fignln sulfonate (Reed Ugnin Inc., Green- 
wich. CT). or AqualonTli CMC 7M (AquaJon Company, Wilmington. DE). or southern pine black liquor, 
quaternary amine modified waxy maize starch and Marasperse N-22 sodium Sgrnn sulfonate (Reed Ugnin 

25 Inc., Greenwich, CT); poty(acfytajnkloH»-rrrcmyte chloride) and Marasperse 

N-3 sodium Ugnin suffonate; and poty(acrylamide-co-metrrylacrytoxyethy chloride) end 

Marasperse N-3 sodium lignin sulfonate. However, some combinations of cattonic and anionic components 
prepared in this manner yield potyelectrotyte complexes having anionic charge fractions of 0.65 or higher 
that are particulate or colloidal and perform equivalent to their counterparts that are formed without heating 

so to at least 75* C and cooflng. 

Other additives useful In the papermaldng process of this invention include sizes, defoamers, fillers, 
wetting agents, optical bfighteners. Inorganic salts, etc. . 

This invention is illustrated fn the following examples. Ail percentages, parts, eta, are by weight based 
on the weight of the dry pulp, unless otherwise indicated. 

35 

Examples 1 -6 



40 These examples demonstrate preparation of paper with improved dry strength according to the process 
of this invention using a water-soluble, linear, high molecular weight, low charge density. catJonic polymer 
by itself and in combi nation with the water-soluble anionic polymers that result from the manufacture of 
wood pulp (e.g.. sotubiized lignins and hemicetluloses found in black liquor). 

Handsheets were made on a Noble and Wood Sheet Machine (Noble and Wood Machine Co.. Hoosiok 

45 Falls, NY) using the following: 

1. Pulp: unbleached southern kraft pulp beaten to 550 Canadian Standard Freeness (CSF) at pH a 

2. Standard Hard Water Standard hard water having 50 ppm alkalinity and 100 ppm hardness was 
prepared by adding CaCfe and NaHCOs to distilled water, and adjusting the pH to 6.5 with H 2 SO*. 

so 
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a Black Uquor (Union Camp Corp.. Savannah. OA* 


Total Sol Ids: 


15.9% (measured by Tappi Standard T650) 


Sulfate Ash: 


ao% 


Sodium: 


2.6% (by atomic absorption spectroscopy) 


Sulfur 


0.7% (by x-ray fiuoresanoe) 


Ugnin: 


5.2% (by UV spectroscopy) 


Oharge density (by colloidal titration).' 


j057meo/9^PH5^ 




.103 moo/get pH9X) 



4. Defoamer Defoamer 491 A (Hercules Incorporated, Wilmington, DE). 
A 3920 ml sample of 2.6 weight % stock, from a well mixed batch of beaten pulp, was placed into a 4 
liter metal beaker. Defoamer (0.025% based on cut of dry pulp) was added to the beaker and stirring was 
,s begun. Then, black liquor was added to the beaker in the amount listed in Table 1 below and stirring was 
continued for three minutes. The stock was transferred to the proportloner and diluted to 18 liters with the 
pH 65 standard hard water described above. Next a caflortfc copolymer (indicated in the following table) 
was added to the stock and the pH of the stock was adjusted to 5.5 with tfeSO*. and the stock was mixed 
for five minutes. 

20 A clean thoroughly wetted screen was placed on an open deckle. The deckle was clamped closed and 
. then filled with the OS pH standard hard water (described above), from the white water return tank, to the 
bottom mark on the deckle box. A one liter alrquout of stock was drawn from the proponkxier and poured 
into the deckle. The stock in the deckle was stirred using three rapid strokes of the dasher, the dasher was 
^ removed, and the deckle was drawn into the white water return tank. The screen and retained pulp was then 
transferred to the open felt at the entrance to the press. 

The felted sheets were run through the press with the press weights adjusted so as to obtained a 
pressed sheet having 33-34% solids. Then, the sheet and screen were placed in the drum dryer, having an 
internal temperature of 240°F end a throughput time of 50-55 seconds, and run through two times (during 
the first run the sheet was in contact with the drum and during the second run the screen was in contact 
30 with the drum.). The sheets were conditions at 72°F end 50% relative humidity for 24 hours. Eight sheets 
were prepared in this manner, with the last five being used for testing. 

The hand sheets were evaluated by way of the following tests: 
Mullen Burst Tappi Standard T403 ("Bursting Strength of Paper*). 

STR Compression: Tappi Standard T620 ("Short Span Compressive Strength of Paperboard"). 
35 Results are shown in Table 1. 

Tablet 



4S 



Effect of Addition of Catfonic Polymer 


Example No. 


Polymer 1 
<%)* 


Black Uquor Solids Added(%p 


» 


3-2 


» 


3.2 


STR (lbs/in) 


Mullen Burst 
(psi) 


^Control) 




17.6 


17.6 


56.7 


53.0 


2. 


0.1 


18.2 


18.9 • 


60.7 


59.4 


3. 


0.2 


19.0 


19.7 


67.4 


67.7 


4. 


03 


i7A 


21.0 


69.4 


76.5 


6. 


0.4 


18.2 


213 


65.0 


77.0 


6. 


05 


18.2 


21.9 


68.5 


76.6 



1 . Copolymer of 6\2 mole % diallyldlmetrryl ammonium chloride and 9X8 
mole % acrytamide. having a RSV of 12-2 dl/g. 

2. Weight percentage, based on the weight of the dry pulp. 
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The data in Table 1 shows that improved results ere obtained with respect to both the 6TFI 
Compression Strength end Mufien Burst tests when a cationic polymer of this invention Is added to a pulp 
containing black fiquor. Looking at the rows of data It can be seen that best STR Compression Strength 

s results were obtained with samples containing black liquor. Similarly. Mullen Burst results were better for 
samples containing black liquor than samples that did not contain black Gquor at polymer levels of 0.2% or 
more, despite the fact that better results were obtained when the control did not contain black liquor. 
Looking at the columns. It can be seen that results were significantly better with samples containing black 
Iquor having 0.2% or more of the cationic polymer. Thus, this example demonstrates formation of a 

f o polyetectrolute complex between the ceUonfc polymer added and the anionic polymers present In the black 
fiquor, and that improved dry strength is obtained with the potyelectrolyte complex of this invention. 



Examples 7-9 

15 

Tlie examples illustrate the effect of molecular weight on the performance of the cationic polymer 
forming the poryejectrolyte complex. The procedure of examples 1-6 was repeated using 0.4%, by dry 
weight of the puip. of the polymer used In examples 2-6 which was ultrasonicalty degraded in order to 
so obtain samples of lower molecular weight Results, along with data for control Example No. 1 and Example 
No. 4 which is included for convenience, are shown in Table 2 below. 



Table 2 



Effect of Weight of Cationic Polymer 


Example No. 


Polymer 
RSV 1 (dl/g) 


Black liquor Solids Added(%) 2 


• 


3.2 


0 


3.2 


STF1 (lbs/in) 


Mullen Burst 
(psi) 


1. '(Control) 




17.6 


17.6 


66.7 


53.0 


4.3 


12.2 


1&2 


213 


65.0 


773 


7. 


e& 


18.2 


20.0 


643 


66.7 


8. 


53 


18.0 


19.6 


693 


61.2 


9. 


23 


iat 


19.2 


603 


603 



1. Reduced specific viscosity (as defined above). 
40 2. Weight percent, based on the weight of the dry pulp. 

3. From Table 1. 



The above results show that improved results are obtained with respect to both the STR Compression 
Strength and Mullen Burst tests with the cationic polymers per this invention having RSVs of 2 dl/g or 
more. Looking at the rows of data It can be seen that better STR Compression Strength results were 
obtained with samples containing black liquor. Similarly. Mullen Burst results were better for samples 
containing black liquor than samples that did not contain black liquor. This indicates formation of a 
potyelectrolyte complex between the added cationic polymers end naturally present anionic polymers of the 
black liquor. 

Looking at the columns, it can be seen that best results were obtained with samples having higher 
molecular weights (represented by higher RSV) and that significantly better results were obtained with 
sample No. 4 having a RSV In the preferred range. I.e., 12-2 dlfg, when the sample was prepared in the 
presence of black liquor. 



Examples 1 0-1 5 
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Those examples illustrate the effect of foe charge density of the cafiorrfc polymer. Charge density was 
varied by preparing acrylamkJe copolymers having different amounts of diaHytdimothyl ammonium ohJorido 
cationic monomer. The procedure of Examples 1-6 was repeated using the polymers described below. The 
polymers all had RSVs In the range of 8-9.5 dl/g. Results are shown In Table 3, below. 

Table 3 



Effect of Charge Density 


Example 
No. 


Mole % Cationic 
Monomer in Polymer 1 


Catkmic Pofymei 
Added(%p 


Charge 
Density 
(meq/ig) 


Black Liquor So 


!ids Added (%? 


• 


3.2 


• 


32 


STF1 (ibs/tn) 


Mullen Burst 
(psi) 


10. (Control) 








18.3 


18.5 


58.5 


60.8 


11. 


5.3 


0.4 


0.70 


20.5 


21.7 


72.5 


73.6 


12. 


8.0 


0.4 


1.02 


18.3 


21.5 


65.7 


72.4 


13. 


. 11.0 


0.4 


IJ8 


19.3 


21.5 


71.4 


73.4 


14. 


14.4 


.0.4 


1.71 


10.0 


20.7 


689 


66.9 


15. 


16.7 


0.4 


1.84 


18.2 


20.6 


68.2 


70.8 



1. Mole % of diallyldimethyl ammonium chloride in a cationic oopotymer comprised of acrylamide 
es and diallyldimethyl ammonium chloride units. 



2. Weight percent based on the weight of the dry pulp. 



Looking at the rows, fn ail but one Instance superior results are obtained in the presence of black liquor, 
indicating that a poiyetectrolyte complex is being formed by the cationic polymer and the naturally present 
anionic polymers. Looking at the columns of data, it can be seen that there is a trend towards better results 
occurring with polyeiectrolyte complexes of lower charge density cationic polymers. 



Examples 16-22 



These examples demonstrate use of a number of different cationic polymers per this invention. The 
^ procedures of Examples tS was repeated using the polymers and obtaining the results shown in Table 4, 
below. 
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Table 4 





Various Catkmic Copolymers 


5 


CKBiripK) 


Polymer 


RSV 1 


Cationlc 


Black Liquor Solids Added 2 




No. 






Polymer 


















Added(%J* 






















| 32 


0 


32 


10 










STR (lbs/1 "width) 


Mutlen Burst 
















(psO 




16. 








17.7 


16.4 


58.3 


59.6 




17. 


6% MTMMS:92% aorylamkte 3 


7 


0.4 


192 


20.5 


67.4 


72.5 


rs 


ia 


11% MTMMS:88% acrylamEde* 


8 


0.4 


19.1 


20 JO 


67.3 


69.9 




19. 


8% ATMACS2% acryiamkte* 


10 


0.4 


18.0 


20.1 


67.4 


68.7 




20. 


Cationic Guar. MS =0.28? 




0.4 


192 


202 


66.1 


72.9 




21. 


7.5% ATMAC^92-5% acrytamide* 


202 


0.4 


19.4 


20.8 


752 


76.6 




22. 


15% MAPTAC:85% acrylamkfe 6 


6.6 


0.4 


183 


10.8 


72.6 


68.6 



20 t. Reduced specific viscosity (as defined above). 

2. Weight percent based on the weight of the dry pulp, 

3. Copolymer of acrytamlde and methac^toytoxyethyttrimamylammonium methylsutfate. 

4. Copolymer ot acrylamide and aery loytoxyethyitrfmettiylammonium chloride. 

5. Qlyck^ttrimemyiammonium chloride canonizing agent Molar substitution is 02a 
25 6. Copolymer of acrylamide and rrtfthacrytamktopropyl^ ammonium chloride. 



The data in Table 4 shows that improved STH Compression Strength and Mullen Burst results are 
M obtained using the cationic pofymers of this invention. In each instance, the samples prepared with cationlc 
polymers per this invention performed better than the control sample. STFI Compression Strength was 
better in each instance with black liquor. Mullen Burst results were better with the samples prepared with 
black liquor than samples that were not prepared with black liquor, except with respect to sample No. 22. 
Thus, the results Indicate that a polyeteotrolyte complex forms between the cationlc polymers of this 
invention and anionic polymer present in bfack liquors. 

Examples 23-27 



These examples show the effect of addition of both anionic and cationic polymers during papermaking 
and the beneficial effect of addition of higher levels of anionic component The procedures of Example 1 
were repeated using 0.5% of the cationic polymer used in example 2-6 and the anionic polymers Qsted In 
Table 5, below. The results are shown below In Table 5. 
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Tables 



10 



Addffion of Natural Polymers 


Example No. 


Anionic Polymer 


Anionic Polymer 


STR 


Mullen 






(% Added) 1 


(lbs/1 "width) 


Burst (psi) 


23. (Control) 






17.9 


68.5 


24. (Invention) 


Kraft Wac* liquor 2 


2.4 


19.5 


71 .0 


25. (Invention) 


Kraft black liquor 2 


3.2 


21.9 


76.6 


28. (Invention) 


Kraft Ggnin 3 


0.B4 


19.8 


72.2 


27. (invention) 


sotfum lignin sulfonate* 


0.47 


18.9 


72.3 



t. Weight percentage, based on the weight of me dry pulp. 

2. Union Camp Corp., Savannah, OA. Properties listed m the discussion of Examples 1-6. 

3. Indian AT Kraft lignin (Westvaoo Corporation. New York, NY) 

4. Ugnosol XD sodium lignin sulfonate (Reed Ugnfn t Inc.. Greenwich, CT). 



The data in Table 5 demonstrates that superior dry strength properties are obtained when both an 
anionic and cationic polymer are added during papermakmg so as to form a polyelectrotyte oomptex. In 
addition, example 25 shows that improved results are achieved when the amount of anionic polymer is suoh 
that the cationic and anionic changes are nearly balanced (i.e.. the charges are neutralized). 



Examples 26-35 



These examples illustrate the effect of using anionic polymers, other than those resulting from the 
pulping operation, that fall within the scope of this invention. Comparison samples prepared with anionic and 
cationic samples outside the scope of this invention are also presented. The procedures of examples 1-6 
were repeated using 0.7% of the cationic polymer of examples 2-6, except that polyamideepichlorohydrfn 
was used as a cationic polymer in sample No. 35. The anionic polymers were added after the black liquor 
and before the cationic polymer. Results are shown in Table 6, below. 
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Table 6 



Addition of Anionic Polymer 


Example 
No. 


Anionic Polymer (% Added) 1 


STROMA 'width) 


No Black 

Uquor 


32% Black 

Uquor Solids' 


2a 




162 


19.1 


20. 


CMC 7M 2 (0.2%) 


18.7 


19.9 


30. 


CMC 4M 2 (0.32%) 


19.3 


20.5 


31. 


acryfemfde - sodium acrytate copolymer 3 (05%) 


18.7 


19.0 


3a 


acryfamtde - sodium acrytate copolymer 4 (0.17%) 


10.1 


19.5 


33. 


Pcfy(sodtufrv2-acrylamkl^^ (0.13%) 


18.5 


19.9 


34. 


Poly(sodlum) acrylate 6 (0.06%) 


17.4 


19.3 


35. 


PotyamlnoamkJe eptohtorotydrtn/CMC 7M 2 (0.68%/0.35%) 


22.0 


20.0 



1 . Weight percent based on trie weight of the dry pulp. 

2. Carboxymethyloellutose. available from Aqualon Company, Wilmington. DE_ 

3. Aooostrength 88 copolymer, a copolymer of 90 mole % acrylamide and 10 mole % sodium 
acrylate (American Cyanamfde Company. Wayne, NJ). 

4. A copolymer of 75 mole % acrylamide and 25 mole % sodium acrylate. 

5. HSP 1180 pory(sodrurn-2-acrytamk^ (HenkeJ Corporation. Ambler. PA). 

6. Aery sol LMW-45NX poly(sodium) acrylate (Rohm and Haas. Philadelphia. PA). 



The data In Table 8 shows the superior dry strength properties of paper prepared with the poJyelec- 
frolyte complex of this Invorrtfon. 

Looking at the columns, rt can be seen that afl of the samples prepared in the absence of black liquor 
performed better than the control sample in which no anionic polymer was used and that the samples 
prepared using the anionic polymers of this invention (nor present naturally) performed much better than 
the sample prepared only with poly(sodium acrylate). an anionic polymer outside the scope of the instant 
invention. 

Looking at the rows, it can be seen that in every sample* but sample No. 35. the sample prepared with 
black liquor performed better than the sample prepared without black Mquor. Specifically, in Example No. 28 
a polyeJectrotyte complex forms with the cationlc polymers and the naturally present anionic polymers in 
black liquor, providing improved dry strength. Examples 29 and 30 have superior dry strength compared to 
example 28 in the absence of black Oquor. Indicating formation of a polyetectrotute complex by the catioruc 
polymer and CMC. Similar results were found to occur with other catwnfc/anlonic polymer combination per 
this invention, in the absence of black liquor. In examples 31 to 33. The lower STR value achieved with 
poty(sodhim)acrytate (no black liquor present) Indicates that additive anionic polymers per the instance 
invention provide superior dry strength as compared to other additive anionic polymers. 

The results obtained in example 34 in the presence of black Uquor can be attributed to formation of a 
polyetectrolyte complex between the cationlc polymer and the anionic polymers forming the black liquor. 

Sample 35 is a comparative example showing the use of a cationic polymer outside the scope of the 
instant invention. The STFl value was tower in the presence of black liquor using this cationic polymer. 

From the above, it can be seen that this invention provides superior dry strength in the presence of 
black liquor than in the absence of Mack liquor, whereas a decrease in dry strength occurs in the presence 
of black liquor using dry strength additives outside the scope of this invention. 



Examples 38-38 

These examples illustrate the effect of premixing a portion of the anionic component with the cationic 
polymer so as to form an aqueous system containing a pory electrolyte complex and adding the aqueous 
sytem to a papermakfng furnish. The procedure of examples 106 were repeated so as to prepare a control 
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example having no cationic polymer, example 38. and a sample prepared with a cationic copolymer 
comprised of B7.6 mole % acrylamide units and 12.4% dallytolmethylammonlum chloride units. Example 
37. 

Sample 38 was prepared using an additive composition comprising 88 parts of the aforementioned 
5 acrytamtde copolymer and 14 parts sodium lignln sulfonate, which was premfced fn a Waring blender so as 
to form a water-Insoluble particulate polyetectrolyte complex prior to addition to the papermaklng furnish 
according to the following procedure. In a Waring blender, 45g of a 20 weight percent solution of sodium 
lignln sulfonate (UgnosoJ XD, available from Reed Ugnin Inc., Greenwich, Connecticut, having a charge 
density of 0.79 meq/g at pH 6.5) was mixed Into 1833 g of a 3 weight percent solution of a copolymer 
ro comprised of 87.6 mole % acrylamide units and 12.4 mole % dJallyldlmethyl ammonium chloride (RSV 13; 
1.51 meq/g). This mixture was diluted with demineraEzed water to form a 0.5 weight percent total solids 
solution that was slightly turbid. 

This material was evaluated in handsheets using the procedures of examples 1 to 6. Results are shown 

in Table 7. 

is 

Table 7 



Prembd ng Polymers 



Example 
No. 


CatJonic Polymer 
Added (%)' 


Black Liquor Solids Added (%)' 


• 


3.2 


• i 


33 


STFl (IbsM Nwdth) 


Mullen Burst 
(psi) 


38. (Control) 




16.0 


17.2 


57.4 


622 


37. 


0.3 


17.2 


18.4 


71.4 


72.6 


38* 


0.3 


iao 


20.0 


71.2 


73.8 



1 . Weight percent, based on the weight of the dry pulp. 

2. In addition, 0.05% Lignoso! XD anionic polymer (Reed lignln Inc., Greenwich. 
CT) was used in this example . 



Tnedatain Table 7 demonstrates that excellent dry strength properties are obtained using an anionic 
and catiordc polymer per this invention, particularly when they are premixed to form a particulate 
polyelectrotyte complex prior to addition to the papermaking process. Excellent dry strength properties 
occur in the presence of black liquor, and superior performance to the cationic polymer only is shown in the 
absence of black liquor. 



Examples 39-46 



These examples illustrates the performance of comparative polymers. The procedure of Examples 1-6 
was repeated using the following polymers: no cationic polymer, (sample No. 39); Oorcat P600 
potyethyrtanetmine (PB) (Cordova Ohemicai Co. Muskegon. MI) (sample No. 40): poly- 
(diallyldimethylammonium ohtoride) (sample No. 41); pxxy(8crytoytoxyemyl^ chloride) 
(sample No. 42); polyamlnoamWe eptohlofohydrin resin (sample No. 43); copolymer prepared from 1 1 mole 
% styrene, 5 mole % sodium acrylate and 84 mote % acrylamide, prepared according to the procedures of 
exampte 12 of U.8. Patent No. 3.840.489) (sample No. 44); a copolymer prepared by mixing the copolymer 
of Exampte 44 with polyamlnoarnide epichlorohydrin resin according to the rjroceAjres of U.S. Patent No. 
4.002.588 (the polymers were mixed at an equal charge ratio) (sample No. 45); and a Mannlch Reaction 
product of poiyacrytamide. formaldehyde and dimethylamlne. 5% meter substitution (vtecosity in 0.5% 
solution, at pH 11. 6.5 cps), prepared according to Example 1 of South African Application 78/2037 (sample 
No. 46). Results are shown in Table 8. below. 
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Table 8 



Comparison Polymers 



Example No. 


RSV 2 


Charge 
Density 
(meo/gP 


Polymer 
Added (%)' 


Black Liquor Solids Added(%) 1 


• ! 


32 


• 


3.2 


STFIObs/rwfdth) 


Mutton Burst 


39. (Control) 








17.5 


173 


61.3 


632 


40. 


0.4 


16 


0.5 


19.1 


183 


62.5 


613 


41. 


1.1 


6.2 


0.5 


17.0 


153 


51.5 


53.8 


42. 


6.2 


52 


0.4 


18.8 


i 18.1 


67.7 


67.1 


43. 


0.4 


2.5 


0.4 


18.6 


18.6 


60.1 


77.0 


44. 






0.4 


19.7 


19.8 


71.1 


71.3 


45. 






0.4 


16.8 


18.1 


65.7 


69.3 


46. 






0.4 


16.3 


18.4 


63.1 


60.9 



1. Weight percent based on the weight of the dry pulp. 

2. Reduced specific viscosity (defined above). 

3. Calculated based on structure. 



In almost every instance of using the comparative cationic polymers, either or both of 6TF1 end Mullen 
Burst properties were worse when black liquor was present during the preparation of paper compared to 
when black liquor was not present; this, despite the fact that superior results were obtained by merely 
adding black liquor in the control (absence of a cationic polymer). In one instance (sample 44). negligible 
improvement occurred. 



Examples 47-49 



The following examples demonstrate a preferred embodiment of this invention in which two aqueous 
systems comprising components are prepared, healed to greater than 75°C. mixed and cooled to less than 
about 60* C. 

Separately, 196 g of a 05 weight percent sofcrtkm of a copolymer of acrylamide and dialryldimethytam- 
monkim chloride (6 moi %) and 200 g of a solution containing the amount of Marasperse N-3 sodium ligntn 
suffocate (Reed Ugnln Inc.. Greenwich, CT) listed in the following table (no sodium ligrrfn sulfonate was 
used in control example 47) were heated to 80 * C. The two solutions were added to a baffled, heated vessel 
and mixed with a Oowtes dHsperser blade for 5 minutes at 750 rpm, while the temperature was maintained 
at 80* C. and then the resulting aqueous system was allowed to cool to room temperature. The results are 
shown in Table 6 below. 

Table 9 



Ex. 


Anionic 


Sodium Ugnin 


Nature of PoJyefectrolyte 


Brookfield 




Charge 


Sulfonate^) 


Complex 


VTscoshy 




Fraction 








47 


0 


0 


None formed 


37cps 


48 


0.6 


0393 


03 micron coUoida! particle 


5.7 cps 


49 


03 


2.648 


soluble 


4 6 cps 



t . 60 rpm. #2 spindle. 
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Examples 6964 



In order to study the properties of paper prepared using the complexes of Examples 48 and 49. and 
complexes prepared by adding the anionic and cationlc components direcdy to a papermaking system, the 
procedures of Examples 1 • 6 were repealed used the cattonte polymer at an addition level of 0.6 weight %, 
by weight of (fry pulp. A control sample was prepared without using an additive. The results are shown in 
Table 10 betow. 

Table 10 



Ex. 


Additive 


STR 


Mullen 






Compression 


Burst (psi) 






(ibs/in) 




50 


Control (none) 


14.9 


42 


61 


Oomplex of Example 48 


17.6 


88 


52 


Components used in Example 48 1 


18-2 


72 


63 


Complex of Example 49 


19.5 


91 


54 


Components used in Example 49 1 


17.9 


82 



1. The components were added directly to the papermaWng system, as 0.5% 
aqueous solutions, with the anionic component being added prior to the cationia 



The above table shows that prembdng the components at about 75" C and ooottng them to less than 
about 60* C does not significantly effect complex performance at an anionic charge fraction of 0.6. but 
results In superior performance at a charge fraction of OA Thus, this comparison demonstrates the 
superiority of the water-soluble polyelectrolyte complexes of this preferred embodiment 



Examples 65-58 



The following examples demonstrate a preferred embodiment of this Invention. 

A dry powder was prepared by mbdng 098gof copolymer of acrylamide and (fiailykflmethytemmonium 
chloride (6 mole %) and the amount of Marasperse N-3 sodium flgnin sulfonate (Reed Ugnfn ma. 
Greenwich. CT) listed in the following table. The dry powder mixture was then added to 200 g of water that 
had been heated to 80* C and the mixture was stirred using a Cowtes dispenser Wads In a baffled, heated 
vessel for 5 minutes at 750 rpm. while the temperature was maintained 80 "C. and then allowed to cool to 
room temperature. The results are shown in Table 11. betow. 

Table 11 



Ex. 


Anionic 


Sodium Ugnfn 


Nature of 


Brookfield 




Charge 


Sulfonated) 


Polyelectrolyte 


Viscosity* 




Fraction 




Complex 




55 


05 


0.68 


colloidal particle 


not measured 


58 


0.8 


2.65 


soluble 


5cps 



1.80 rpm. 02 spindle. 



The properties of the polyelectrolyte complex of Example 66 are stmBar to those of the polyelectrolyte 
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complex of example 49. indicating that they ere essentially the same. Therefore, performance would be 
similar to that of Example 53. 

From eB of the above examples, it can be seen that the pofyetectroryte complex of the instant invention 
provides improved dry strength, particularly in papers prepared with unbleached pulp and black liquor, 
s Therefore, the polyetecfrolyte complex of this Invention Is suitable for use as dry strength additive In all 
types of paper and is particularly useful as a dry strength additive for unbleached paper and paper board. 



Claims 

to 

1. A mixture of cationic and anionic polymers useful as a strengthening additive in papermaking 
processes, is characterized in that it comprises a* water-soluble, linear, cationic polymer having a reduced 
specific viscosity (0.05 weight % fin a 2 M Nad solution at 30°C) greater than 2 dl/g and a charge density of 
0.2 to 4 meo/g. and a water-soluble, anionic polymer having a charge density of less man 5 meq/g that is 

f 5 roactabte in the presence of water with the cationic polymer to form a polyetectrolyte complex. 

2. A mixture of cationic and anionic polymers as claimed in claim t. further characterized in that the 
anionic polymer has a reduced specific viscosity of 10 to 25 dl/g. 

3. A mixture of cationfc and anionic polymers as claimed in claim 1 or 2, further characterized in that 
the cationic polymer has a charge density of 0.5 to 1 .5 meq/g. 

20 4. A mixture of cationic and anionic polymers as claimed in claim 1. 2, or 3, further characterized in that 
the cationic polymer is selected from the group consisting of cationic guar and copolymers of aoryiamide 
and diailytdimethylammonium chloride, acryloytoxyethyltrimethylammonium chloride, methacryloytoxyethyl- 
trimethylammonium methytsutfate. methaoryloyloxyethyttrimemylamrnonlum chloride and 
methacrylamWoprapyttrimothylarrMnonium chloride. 

25 5. A mixture of cationic and anionic polymers as claimed in claim 4, further characterized in that the 
cationic polymer is selected from the group consisting of copolymers of acrylamide and dlaJlyfdimethylam- 
monium chloride and methacrytoytoxyethyftrimethyi ammonium chloride. 

6. A mixture of cationic and anionic polymers as claimed in any of the preceding claims, further 
characterized In that the anionic polymer is selected from the group consisting of copolymers of acrylamide 

30 and sodium acrytate, sodium methaorytate and sodium-2-acry!amide-2- methylpropane sulfonate, sodium 
carboxymethyl cellulose, sodium carboxyrnethyl guar, sodium alginate, sodium potypectate and poly- 
(sodium-2-acrylamide-2-metrty1propane sulfonate). 

7. A mixture of cationic and anionic polymers as claimed in any of the preceding claims, further 
characterized In that the polymer mixture is in the form of a polyetectrolyte complex. 

35 8. A mixture of cationic and anionic polymers as claimed in claim 7, further characterized in that the 
polyetectrolyte complex has an anionic charge fraction of 0.1 to 0.68. 

9. A mixture of cationic and anionic polymers as claimed in claim 7. further characterized in that the 
polyetectrolyte complex has an anionic charge fraction of 0.3 Id OA. 

10. A mixture of cationic and anionic polymers as claimed in claim 7. further characterized in that the 
40 polyelectroryte complex has an anionic charge fraction of 0.65 to 035. 

11. A mixture of cationic and anionic polymers as claimed in claim 7. further characterized in that the 
poryetectroJyte complex has an anionic charge fraction of 0.45 to 0.6 end Is fibrous. 

12. A mixture of cationic and anionic polymers as claimed in any of the preceding claims, further 
characterized in that the weight ratio of the cationic polymer to the anionic polymer is 4:100 to 40:1 . 

45 13. A mixture of cationic and anionic polymers as claimed in claim 12, further characterized in that the 
the weight ratio of the cationic polymer to the anionic polymer is 1 :4 to 4:1 . 

14. A process for making the mixture of cationic and anionic polymers as claimed in any of the 
preceding claims, characterized in that a water-soluble, linear, cationic polymer having a reduced specific 
viscosity (0.05 weight % in a 2 M NaCI solution at 30°C) greater than 2 dl/g and a charge density of 0.2 to 4 

so meo/g is incorporated into a conventional aqueous suspension of cellutosic fibers, in an amount of 0.1 to 
5%, by dry weight of the fibers, in a process for making paper in which the suspension of cellulosic ftoers 
contains a water-soluble, anionic pofymer having a charge density of less than 5 meq/g. 

15. A process for making the mixture of cationic and anionic polymers as claimed in claim 14, 
characterized in that the amount of the cationic polymer Is 0.2 to 3%. by dry weight of the fibers. 

55 16. A process for making the mixture of cationic and anionic polymers as claimed in claim 14, 
characterized in that the amount of the cationic polymer is 0.1 to 2.5%, based on the dry weight of the 
fibers. 

17. A process for making the mixture of cationic and anionic polymers as claimed in claim 14, 15, or 
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16. characterized In that the the amount of the anionic polymer Is 0.1 to 6%. based on the dry weight of the 

A process for making the mixture of cattonic and anionic polymers as claimed In any of claimsi4to 

1 7. characterized I n thai 0.1 to 5% of the anionic polymer, based on the dry weight of the fibers. Is added 
to the suspension of oeltutosic fibers. 

19. A process foe making the mixture of cafionte and anionic polymers as claimed In claim 14 or 15. 
characterized in that me anionic polymer Is selected from the group consisting of anionic polymers present 
In unbleached pulps, synthetic anionic polymers and enionicafly modified natural polymers. 

20. A process for making the mixture of ceflonlc and anionic polymers as claimed in any claims 1 to 14. 
characterized In that the cattonic polymer and the anionic polymer are added to water having a temperature 
of at least about 75* C and the resultant aqueous system Is cooled to less than about 60 C. 

21. Use of the mixture of cationlc and anionic polymers according to the Invention, characterized In that 
the said mixture Is Incorporated Into a conventional aqueous suspension of oellutosic fibers In a process for 
making paper. 
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